Tubes in nuclear steam generators are held up by supports because the tubes are long and slender. Fluid of high-pressure and high-temperature flows in the tubes and the flows cause oscillating motions between tubes and supports. This is called FIV (flow induced vibration) which cause fretting wear in contact part of tube-support. The fretting wear of tube-support can threaten the safety of nuclear power plant. Therefore, a research about the fretting wear characteristics of tube-support is required. This work is focused on investigations of fretting wear characteristics and wear mechanisms of tube-support. Results are that the wear rate of tube is proportional to that of support and as water temperature increases the wear volume of tube-support decreases because the oxidation rate decreases due to lack of the oxygen concentration in contact surfaces. Also, the wear mechanisms of tube-support are abrasive and oxidational wear.
INTRODUCTION
Nuclear steam generator tubes which are long and slender are held up by supports. The tube-support components suffer the fretting wear which is the removal of material by smallamplitude relative motion under high pressure and high temperature. The fretting wear can damage the tubes and can threaten the safety of nuclear power plant [1, 2] .
Many studies on the fretting wear of the tubes have been conducted for a long time. However, most works focused on the calculation of wear life by the wear coefficient and researches on the wear mechanisms of the tube was little carried out. The investigation of the wear mechanisms is very important to suggest various methods for wear reduction.
Since the tubes is exposed to high temperature, the effect of temperature on tube wear need to be examined. The effects are largely divided to two ways. One is the formation of oxide and the other one is the variation of mechanical property by the increase of temperature [3] . The formation of oxide on a contact surface influences largely the tribological properties of material [4] . The variations of the mechanical properties such as surface hardness and yield stress also affect the wear characteristics.
In this work, the fretting wear tests of the tube-support component are carried out to investigate the wear mechanisms and the effect of temperature on the wear characteristics under the condition of water lubrication.
RESULTS
Wear volume graphs of tube and support based on the wear depth profiles appear in Figure 1 . The wear volumes are simply calculated by using the maximum value of wear depth and the Figure 2 shows the SEM micrographs of the worn surfaces formed on Inconel 690 tube specimen tested at a load of 10 N for 10 hours. (a) is the entire worn surface, (b) is the part which abrasive wear occurs in (a), (c) is the oxide part in (a) and (d) is the part which the oxide part is detached in (a). Therefore, abrasive wear, oxidative wear and oxide detachment can be main wear mechanisms under slip condition. Three wear processes are observed simultaneously under the same conditions. Consequently, oxidations of the contact surfaces are in progress or the oxides are detached from the worn surfaces while abrasive wear ocurrs. These series of wear processes are repeated and the contact surfaces are worn. (e) and (f) are the intensity graphs of each element by EDX analyses of (b) and (c), respectively. (g) is the weight percent graph of not-tested original surface of Inconel 690, the contact surface of (b) by abrasive wear and the oxide of (c). According to (g), oxygen is not detected and much iron is detected in abrasive part (b) because stainless steel of 409 SS contains much iron element and makes contact with the tube surface. On the other hand, the oxide contains a lot of iron and oxygen. This means that the iron oxide is formed on the contact surface. It is not clear that the kinds of oxide are whether FeO or Fe 2 O 3 because the atomic percent of the oxide is ambiguous. Figure 3 shows the wear volumes and the wear coefficients of tube and support. As the water temperature increases the wear volumes of both tube and support decrease. Also, the wear amount of the tube is proportional to that of the support.
CONCLUSIONS
• The wear mechanisms of tube material in elevated temperature were abrasive and oxidational wear. As the water temperature increased, the oxidational wear decreased because of the lack of oxygen concentration. However, these results are confined to only this work. That is the reason practical tubesupport components for a steam generator are not exposed to oxygen by a deaeration process.
• In tube against support plate tests, the wear volume of tube was proportional to the wear volume of the plate.
• As the water temperature increased the wear volume was controlled by the oxidational wear. It was demonstrated that the oxide thickness by the increase of water temperature decreased.
